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A PAIR OF ALBINO ROBBINS 


Frontispiece 


LBINISM crops out all over the 

living world, and the robbin is not 
immune to this well-nigh universal ten- 
dency, as is occasionally noted in the 
newspapers. A recent account from 
Iowa concerns not one albino robbin 
but several, and the story has even a 
skeleton of genetic background, so that 
a note seems justified. The robbins in 
question are summer residents at the 
home of H. D. Shaw at Grinnell, Iowa. 
For the past five summers the pair has 
nested in a bush on Mr. Shaw’s yard. 
Several broods have been hatched and 
have been observed by the family. In 
each brood, so the story goes, there 
have been from one to three albino 
fledglings. The two albinos shown 
above came from the final brood of the 
1937 season. The third “chick” was a 
normal red-breasted robbin. 


The two parent robbins have normal- 
ly pigmented feathers, but the mother 
has a pure white tail. Almost univer- 
sally in the animal kingdom, true al- 
binism is a recessive character. The 
reproductive activities of the Shaw rob- 
bins, as described above, fits the as- 
sumption that in this case we have two 
parents carrying albinism and a clear 
segregation of albino and normal pig- 
mentation in the offspring. There 
should be on the average three times as 
many normal infants as albinos if this 
assumption is correct. In view of the 
small numbers reported, the excess of 
albinos can be dismissed as mere 
chance, plus a tendency for observers 
to remember more definitely the num- 
ber of aberrants, and to estimate the 
number of normal.—R. C. 
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STRUCTURE AND VARIATION OF THE 
CHROMOSOMES IN DROSOPHILA AZTECA 


Tu. DoszHANsky and D. Socotov* 


somes in the larval salivary glands 

in Drosophila have proved to be 
a valuable method of cyto-genetic in- 
vestigation. Wherever distinct strains, 
races, or species can be crossed and the 
hybrid larvae brought to maturity, this 
method permits a far more accurate 
description of the chromosomal differ- 
ences between the forms crossed than 
has heretofore been attainable. The 
present article is devoted to an analysis 
of the chromosome structure in various 
strains of Drosophila asteca, a species 
recently described by Sturtevant and 
Dobzhansky,'® and previously confused 
with a group of six related species un- 
der the name of Drosophila affinis. 
Among these, only two species, namely 
D. azteca and D. athabasca, are known 
to be crossable ; as pointed out in a pre- 
liminary communication of Bauer and 
Dobzhansky,? the gene arrangement in 
their chromosomes is so different that 
homologies can be detected in few sec- 
tions only. We hope to show below 
that strains of D. asteca may also have 
rather extensive variations in gene ar- 
rangement. 


The Standard Chromosome 
Structure 


of the giant chromo- 


The variability of the gene arrange- 
ment in strains of the same species ne- 
cessitates the choosing of one of the 
arrangements in each chromosome as 
the standard, in order that others may 
be compared with and described as de- 
viations from the standard. The choice 
of the standard is arbitrary; any ar- 
rangement may be so designated, and 
the results of the comparison are in no 
wise dependent upon which arrange- 
ment is selected. We have taken the 


gene arrangement present in the chrom- 
osomes of the strain Cuernavaca-l, 
from Morelos, Mexico, as our standard. 

Drosophila azteca has in its somatic 
cells five pairs of chromosomes (Figure 
1). The X-chromosome is V-shaped 
and apparently equal-armed; three of 
the four pairs of autosomes have the 
spindle attachment in a subterminal or 
submedian position; one autosome is 
dot-like. In the salivary gland nuclei 
there are six long and one very short 
chromosome strands radiating from a 
common chromocenter. The disc pat- 
terns observed in the salivary gland 
chromosomes of the standard strain are 
shown in Figure 1. The figures in this 
plate are composite drawings, i.e., parts 
of each chromosome were drawn with 
the aid of a camera lucida from cells 
in which these particular parts were 
seen most clearly; separate pictures 
were subsequently combined to give the 
chromosome “maps” presented here- 
with. Following the example of 
Bridges,* we have subdivided the stand- 
ard maps into one hundred arbitrary 
sections, which facilitate the description 
of the aberrant gene arrangements. The 
limits of these sections are indicated in 
the maps. 

The homology between the chromo- 
somes as observed in the salivary gland 
cells and at metaphase stage in other 
cells is not easy to decipher. In the 
nuclei of the salivary glands of male 
larvae two of the longer chromosome 
strands are stained less deeply than 
the rest, while in female larvae all 
chromosomes are alike in stainability. 
These pale strands evidently represent 
the two limbs of the X-chromosome, 
which in the male have no homologues 
to pair with; the remaining strands are 


’ *California Institute of Technology, Pasadena, and Escuela Nacional de Ciencias 
Biologicas, Mexico, respectively. 
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autosomes. The two limbs of the X- 
chromosome in the salivary gland nu- 
clei are unequal in length (Figure 1), 
while, as stated above, the X-chromo- 
some appears equal-armed at metaphase. 
This is probably due to the presence of 
a larger amount of genetically inert 
material in the limb which appears 
shorter than in that which appears 
longer in salivary gland cells. An 
analogous situation was observed by 
Bauer! in D. pseudoobscura. The very 
short autosomal strand, designated in 
Figure 1 as “Chromosome D” almost 
certainly corresponds to the dot-like 
chromosome of the metaphases. In 
preparations in which the chromocen- 
ter has been crushed by the pressure 
of the cover-slip, the strands designated 
“Chromosome A” and “C” frequently 
lie separate, their basal portions carry- 
ing the parts of the chromocentral mass 
belonging to them. The strands labeled 
“BY” and “B”” are, on the contrary, 
rather firmly united by a heterochro- 
matic connection (Figure 1). This leads 
to the supposition that B' and B? are 
the two limbs of a single chromosome, 
and makes it probable that they cor- 
respond to the autosome having a sub- 
median spindle attachment at meta- 
phase. The two metaphasic autosomes 
with subterminal attachments (A and 
C) must, then, have their longer limbs 
composed chiefly of euchromatic, and 
their shorter limbs of heterochromatic 
material (cf. Bauer'). 


Comparison of Drosophila azteca 
with Other Species 


Compared to other Drosophila spe- 
cies whose salivary gland chromosomes 
are known, D. azteca can not be classed 
as favorable material. The cells of its 
salivary glands are relatively small, the 
chromosomes are slender and frequent- 
ly much coiled and twisted. Neverthe- 
less, the general structural features of 
D. azteca chromosomes are similar to 
those in other species. The discs, or 


bands, vary in stainability and_thick- 
ness; some are usually seen as faint 
lines composed of many tiny granules, 
others as solid plates. 


Some chromo- 


some parts tend to form swellings, 
others to be thin and to break easily. 
We are disinclined to make estimates 
of the total number of discs in the 
chromosomes, since it has not been our 
purpose to record all of them including 
the faintest ones, but examination of 
many preparations gives the impression 
that this number must be of the same 
order of magnitude as in other species, 
such as D. melanogaster, D. pseudo- 
obscura, and D. miranda. Assuming 
that each disc corresponds to a single 
gene—a hypothesis that we do not con- 
sider fully established,—all Drosophila 
species thus far studied may be sup- 
posed to carry approximately equal 
numbers of genes in their chromo- 
somes. 

A comparison of the disc patterns in 
the salivary gland chromosomes of dif- 
ferent species may lead to important 
conclusions regarding the nature of 
changes in the gene arrangement that 
take place in evolution. Unfortunately, 
the only Drosophila species with which 
D. asteca can be crossed is D. atha- 
basca, and, as stated above, the gene 
arrangements in these two species are 
found to be very dissimilar. Compar- 
ing our drawings representing the disc 
patterns in D. asteca with the published 
figures for D. melanogaster (Bridges*), 
D. pseudoobscura and D. miranda 
(Dobzhansky and Tan*), and D. virilis 
(Hughes*), we find no chromosome 
sections with identical patterns. This 
may mean (a) that inversions, trans- 
locations, and other structural changes 
taking place in the phylogeny have so 
profoundly modified the gene arrange- 
ments in the chromosomes of these spe- 
cies that all resemblance between them 
has been lost, or (b) that qualitative 
changes at many loci in the chromo- 
somes have altered their cytologically 
visible characteristics beyond recogni- 
tion, or (c) that both these factors 
were operative. Whatever the explana- 
tion may be, chromosomal differences 
between species of the same genus 
prove to be far more extensive than 
one might have dared to suppose. 

Comparison of the salivary gland 
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THE SALIVARY GLAND CHROMOSOMES OF DROSOPHILA AZTECA. 


Figure 1 
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chromosomes of D. pseudoobscura and 
D. miranda has shown that in these 
species the phylogenetic differentiation 
of the chromosome structure has taken 
place chiefly through the occurrence of 
inversions of blocks of genes, with 
translocations between chromosomes 
playing only a minor part (Dobzhansky 
and Tan*®). Donald® and Sturtevant 
and Tan,!! in comparing the genetic 
maps of the chromosomes of D. melano- 
gaster with those of D. pseudoobscura 
and of other species, found that intra- 
chromosomal changes (inversions) were 
numerous in the phylogeny of the 
genus Drosophila. They found no evi- 
dence of translocations or of inversions 
including the spindle attachments, al- 
though separation or fusion of whole 


chromosome limbs undoubtedly has 
taken place. Theoretically, this situa- 
tion is readily understandable, since 
translocation heterozygotes produce 


some unviable offspring, and hence such 
heterozygosis would be subject to a 
strong adverse selection in nature. In 
fact, it is difficult to see how a trans- 
location can become. incorporated in 
natural populations of an animal like 
Drosophila, unless these populations 
are, at least at some times and in some 


places, so small or so highly inbred that ° 


evolutionary changes can occur against 
selection pressure. It follows, then, that 
well authenticated instances of trans- 
locations taking place in the phylogeny 
are of considerable interest. The 
chromosome structure in D. asteca sup- 
plies some evidence on this point. 
Disregarding the dot-like chromo- 
some, D. azteca has in its salivary 
gland cells six chromosome strands, 
while D. melanogaster, D. pseudoob- 
scura and most other species thus far 
investigated have only five strands. 
The two limbs of the X-chromosome 
of D. azteca resemble in length those 
of D. pseudoobscura.5 The autosomes 
of D. asteca are represented by a long 
strand (chromosome A), a very short 
strand (C), and by two strands (B! 
and B*) which form a single V-shaped 
chromosome, and whose — combined 


length is greater than that of the A- 


chromosome, and very much greater 
than that of the C-chromosome (Fig- 
ure 1). In D. pseundoobscura the three 
autosomal strands are roughly of the 
same length. Assuming that chromo- 
some A of D. azteca contains the same 
material as one of the autosomes of D. 
pseudoobscura, we are still forced to 
conclude that either one large or many 
small translocations are responsible for 
the origin of the B and C-chromosomes. 
Indeed, about half of the material borne 
in one of the autosomes of D. pseudo- 
obscura must be transferred into an- 
other autosome in order to derive the 
length relationships observed in D. 
asteca from those in D. pseudoobscura, 
or vice versa. Some genes found in 
D. azteca in a single linkage group 
must belong to different ones in D. 
pseudoobscura; conversely, some genes 
linked in D. pseudoobscura may be ex- 
pected to be independent in D. azteca. 

Sections having identical disc pat- 
terns are present in some of the D. 
asteca chromosomes. This phenome- 
non, first observed in D. melanogaster 
by Bridges,? was interpreted by him as 
due to some blocks of genes being 
“repeated,” i.e., represented more than 
once in a haploid chromosome com- 
plement. The repeat sections exhibit 
some attraction toward each other, and 
may occasionally be seen paired in the 
salivary gland cells. A fairly clear ex- 
ample of repeats is found in the long 
limb of the X-chromosome of D. azteca, 
where section 5 consists of two parts 
having disc patterns that are mirror 
images of each other. A similar condi- 
tion is found in section 9 and a part 
of 10 (Figure 1). On several occa- 
sions the chromosome has been seen 
folded back on itself in these places, 
the corresponding discs in the two 
halves of the repeat being more or less 
intimately paired. 


Material and Method of Study of 
Intraspecific Variation 


The known distribution area of D. 
steca is broken into two very unequal 
parts. The larger one includes the 
highlands of Mexico and Guatemala; 
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since in these countries the species in- 
habits only mountain forests lying 
above 1,509 meters (but apparently be- 
low 3,500 meters), its distribution 
there is not continuous. The smaller 
part, discovered by Dr. A. H. Sturte- 
vant, comprizes four localities in Sono- 
ma and Mendocino counties, California. 
We have had at our disposal four 
strains of D. azteca from California 
(obtained through courtesy of Dr. 
Sturtevant), twenty-one from Mexico, 
and twenty-four from Guatemala. The 
latter were collected by one of us (Th. 
Dobzhansky) during trips to these 
countries in 1935 and 1938, the first 
supported by a grant from the Rocke- 
feller Foundation and the second from 
the Carnegie Institution of Washington. 
A “strain” is always the descendants of 
a single fertilized female caught out- 
doors. Each strain is designated bv 
the name of the locality in which its 
wild ancestor was taken, and by a serial 
number. Thus, Guatemala-2 is strain 
No. 2 from the vicinity of Guatemala 
City. 

All the strains were tested by out- 
crossing them to the standard (i.e., to 
Cuernavaca-1), and also to Cuernavaca- 
4. The Cuernavaca-4 strain was used 
because the standard one proved to 
contain two different gene arrange- 
ments in the B-chromosome, thus in- 
troducing an undesirable’ complication. 
The F, larvae from all of the crosses 
were used for making temporary aceto- 
carmine smear preparations of the 
salivary glands, in which the chromo- 
somes were studied. Figures 3-7 rep- 
resent camera lucida drawings of some 
of the chromosome configurations found 
in these preparations. The parts of 
the chromosomes in which the disc pat- 
terns were insufficiently clear are indi- 
cated in the Figures by dotted lines 
only. 


Theory of Multiple Inversions 


The gene arrangement in the chromo- 
somes of D. asteca is not always iden- 
tical in different strains. Variations in 
the gene arrangement have been de- 
tected in every one of the four longest 


(I) 


(2) 


ABCDEFGH 
AGFDECBH (3) 

E 


HOW INVERSIONS PAIR 
Figure 2 

A -chematic representation of the con- 
figurations formed in the salivary gland 
nuclei by homologous chromosomes carry- 
ing various classes of inversions. By form- 
ing loops in the manner indicated, pairing 
of homologous bands takes place in spite 
of the inversions. The letters indicate the 
linear order of genes in the chromosomes. 
(1)—a single inversion; (2)—two indepen- 
dent inversions: (3)—two included inver- 
sions; (4)—two overlapping inversions. 
One of the homologous chromosomes is 
represented black and the other white. 
The small triangles indicate the points in 
the chromosome at which breakages must 
occur in order to derive one of the gene 
arrangements from the other. 


chromosome strands: in the two limbs 
of the X-chromosome, in A- and B- 
chromosomes. Only chromosomes C 
and D are constant in structure in our 
material. All the chromosomal differ- 
ences so far observed between strains 
can be accounted for on the assumption 
that inversions of blocks of genes have 
taken place in the history of the species. 
No translocations, deficiencies, or other 
changes have been encountered. 

The geometrical consequences of re- 
peated inversions in the same chromo- 
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some have been discussed by Dobzhan- 
sky and Sturtevant.* Here we need to 
present only a brief restatement of the 
theoretical considerations put forward 
in more detail in the paper just referred 
to. Suppose that the gene arrangement 
in a chromosome is ABCDEFGH. In- 
version of the segment containing the 
genes B and C gives rise to a chro- 
mosome ACBDEFGH. It is known 
that homologous chromosomes fuse to- 
gether in the salivary gland cells, the 
discs carrying homologous genes lying 
strictly at the same level in the fused 
partners. Therefore, an individual hav- 
ing the original chromosome ABCD.... 
and the modified one ACBD.... will 
show a loop-like configuration, sche- 
matically represented under (1) in 
Figure 2, in the chromosome affected. 
The presence of such a loop in a chro- 
mosome is, therefore, evidence that the 
individual is an inversion heterozygote ; 
by examining the disc patterns in and 
outside the loop one may determine 
exactly which parts of the chromosome 
are involved in the inversion. 

A chromosome changed by inversion 
is subject to further modification by 
other inversions. Three main types of 
multiple inversions may be observed. 
Inversions are independent if the sec- 
ond inversion lies wholly outside the 
first, for example ABCDEFGH — 
ACBDEFGH — ACBDEGFH. §Indi- 
viduals carrying chromosomes ABCD- 
EFGH and ACBDEGFH have a 
double-loop configuration, shown under 
(2) in Figure 2 in their salivary 
gland cells. If the second inversion in- 
cludes, or lies wholly inside, the first 
(included inversions, ABCDEFGH — 
AGFEDCBH — AGFDECBH), a con- 
figuration represented in Figure 2(3) is 
produced. The second inversion may 
also overlap the first: ABCDEFGH — 
ABCGFEDH — AFGCBEDH ; heter- 
ozygosis for overlapping inversions 


gives a configuration resembling Figure 
2(4). Independent, included, and over- 
lapping inversions have all been ob- 
served in D. asteca (Figs. 3-7). Asa 


transition between the above types, one 
may mention inversions having one 
point in common (ABCDEFGH — 
ADCBEFGH — ADCBGFEH). Such 
tandem inversions have not been estab- 
lished with certainty either in D. azteca 
or in D. pseudoobscura, but Miss 
Hoover’ has described a clear instance 
in D. melanogaster. 

Overlapping inversions are especially 
interesting. If the two gene arrange- 
ments, ABCDEFGH and AFGCBEDH, 
are encountered in nature, one may 
assert with a high degree of assurance 
that they have not arisen from each 
other directly but rather through a con- 
necting link, and that this connecting 
link has been the arrangement ABC- 
GFEDH. In other words, here is a 
method that permits prediction of as 
yet undiscovered chromosome struc- 
tures. At-least one such prediction has 
been verified (Dobzhansky and Sturte- 
vant*). The arrangements related to 
each other as overlapping inversions 
constitute a “family of arrangements,” 
for which a “phylogenetic” chart can be 
drawn, showing the way in which they 
may have descended from each other. 
Such a phylogeny however gives no 
indication of the direction in which 
the changes have taken place. The 
sequence of the events in time may 
have been ABCDEFGH — ABCGFED- 
H — AFGCBEDH, or the reverse, or 
ABCDEFGH <— ABCGFEDH — AFG- 
CBEDH. 

As a rule, no decision regarding the 
phylogenetic relationships can be reached 
for independent or included inversions. 
Thus, the arrangements ABCDEFGH 
and ACBDEGFH may be connected 
through ACBDEFGH, or through 
ABCDEGFH, or crossing-over between 
ACBDEFGH and ABCDEGFH may 
have produced both ABCDEFGH and 
ACBDEGFH. Nevertheless, if one of 
the possible intermediates is actually 
observed in nature together with its 
apparent derivatives, it becomes prob- 
able that this intermediate is the aetual 
connecting link in the family of gene 
arrangements. 
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MULTIPLE INVERSIONS IN THE X CHROMOSOME 
Figure 3 
Inversion configuration formed in the X-cromosome in hybrids between various strains 


of Drosophila azteca. The small numerals refer to the arbitrary subdivisions of the chromo- 
some (see also Figure 1), in terms of which the gene arrangements found in the chromosomes 
of various races are described. The scale in this and in the following figures represents 20 
micra. Above and below—the long limbs of the X-chromosomes; in the middle—the distal 
(free) end of the short limb of the X-chromosome. The Beta arrangement differs from the 
standard Alpha in having two inverted sections as shown below.*+ The Gamma arrangement 


has three independent’ inversions. 


(See bottom of page 9.) 


Gene Arrangements in the 
X-chromosome 

When the strains of D. azteca coming 
from California or from certain parts 
of Mexico are crossed to the standard 
strain, the long limb of the X-chromo- 
some in the hybrid larvae shows a con- 
figuration represented in the upper part 
ot Figure 3 (Alpha/Beta). An analysis 
of this configuration shows that two 
independent inversions, one in the prox- 
imal (basal) and the other in the distal 
(terminal) part of the chromosome, are 
involved. Indeed, this configuration 
agrees well with that drawn schemati- 
cally in Figure 2(2). Since one of the 
chromosomes forming this configura- 


tion comes from the standard strain, it 
must have the disc pattern and the ar- 
rangement of the numbered sections as 
shown in Figure 1, which is:* 

Let us call this the Standard, or 
Alpha, arrangement in the long limb of 
the X-chromosome. In terms of the 
numbered sections, the other arrange- 
ment involved in the configuration 
shown in Figure 2, which may be desig- 
nated as the Beta arrangement, must 
be 

Letters p and d after the number of 
the section indicate the proximal and 
the distal parts of that section respec- 
tively. The origin of Beta arrangement 
from Alpha, or vice versa, is evidently 


3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23 
, 3p, 12p, 11, 10, 9, 8, 7, 6, 5, 4, 3d, 12d, 13, 14, 15, 16, 17, 21, 20, 19, 18, 22, 23 
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INVERSIONS IN THE A-CHROMOSOME 
Figure 4 
Beta has the segments from 45 to 53 inverted and Gamma has an inversion from 
46 to 57. These overlapping inversions give as would be expected, a figure 8 in Beta- 


Gamma material. 


due to breakage of the chromosome at 
four points: in sections 3 and 12, and 
at the boundaries of sections 17 and 18 
and of 21 and 22. The segments in- 
cluding sections 3d to 12p and 18 to 
21 are inverted. The two inversions 
are independent. 

Another gene arrangement in the 
long limb of the X-chromosome, desig- 
nated Gamma, is apparently connected 
with the “sex-ratio” factor. The sex- 
ratio factor, previously known in D. 
obscura, D. pseudoobscura, and in cer- 
tain other species, causes a male carry- 
ing it to produce daughters, and few or 
no sons, when crossed to females of any 
genetic constitution. (For details, see 
Sturtevant and Dobzhansky*). Genetic- 
ally, the sex-ratio condition is due to a 
factor located in the X-chromosome, as- 
sociated, at least in D. pseudoobscura, 
with inversions in its long limb. In our 
collection of D. asteca there were at 
least two strains (one from Sacapulas, 
Guatemala, and one from Cuernavaca, 


Mexico) which undoubtedly carried the 
sex-ratio factor. In female larvae com- 
ing from the cross of Sacapulas, sex- 
ratio, males to standard Cuernavaca-1l 
females, the configuration shown in Fig- 
ure 3 has been found in the X-chro- 
mosome (Alpha/Gamma, Figure 3). 
The gene arrangement in a Gamma 
chromosome may be represented as fol- 
lows :* 

The origin of the Gamma arrangement 
from Alpha, or vice versa, is due to the 
occurrence of three independent inver- 
sions, involving sections 2 and 3, 11 to 
17p, and 19d to 21 respectively. In 
which order these inversions arose in 
the phylogeny, can not be decided be- 
cause of their independence. Compar- 
ing the arrangements Beta and Gamma, 
we notice however that the inversions 
distinguishing them from Alpha are 
overlapping. It follows that Beta and 
Gamma, or rather their constituent in- 
versions, are not related directly, but 
could arise from each other solely 


*1, 3, 2, 4, 5, 6, 7, 8, 9, 10, 17p, 16, 15, 14, 13, 12, 11, 17d, 18, 19p, 21, 20, 19d, 22, 23 
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PAIRING OF OVERLAPPING INVERSIONS 
Figure 5 
The Epsilon inversion in the A-chromosome differs from Gamma in having a re-inversion 
of section 56d and 57, which complicates the synaptic figure. Eta has multiple inversions in 


the same region (see bottom of page 11). 


through an intermediate form identical 
with the Alpha arrangement. 

The structure of the short limb of 
the X-chromosome is identical in all the 
strains of D. azteca studied, with the 
sole exception of Cuernavaca-5, which 
is heterozygous for a very short inver- 
sion in the free (distal) end of that 
chromosome. This inversion, repre- 
sented in Figure 3, involves only the 
distal part of section 37 and the prox- 
imal part of section 38. In most cells 
no pairing of the inverted portions is 
attained, hence the presence of the in- 
version is manifested merely in a non- 
coalescence of the two homologues near 
the free end. 


Gene Arrangements in the 
A-chromosome 

In hybrids between the Standard and 
many other strains from Guatemala and 
Mexico a loop-like configuration, shown 
in Figure 4 (Alpha/Beta), may be 
seen in A-chromosome. The standard, 
or Alpha, arrangement in this chromo- 
some is shown in Figure 1; it contains 
sections from 39 to 60, arranged in the 
natural order. The structure of a Beta 
chromosome may be deduced from an 
analysis of the configuration formed in 


hybrids with Alpha (Figure 4). In 
terms of the numbered sections, the 
Beta arrangement may be represented 
thus :* 

The origin of Beta arrangement from 
Alpha, or vice versa, is evidently due 
to an inversion of the segment contain- 
ing sections from 45d to 53p inclusive. 

In hybrids between the standard 
strain and certain strains from Durango, 
Mexico, an inversion loop, represented 
in Figure 4 (Alpha/Gamma), is found. 
The Gamma variety of the A-chromo- 
some has the following arrangement :+ 

Here the inversion includes sections 
from 47 to 57, instead of from 45d to 
53p, as in Beta arrangemenct. Beta and 
Gamma arrangements are, therefore, 
related as overlapping inversions, and 
we may predict that in a hybrid having 
one Beta and one Gamma A-chromo- 
some a configuration resembling that 
schematically represented in Figure 2 
(4) will be formed. This prediction is, 
indeed fulfilled (Figure 4, Beta/Gam- 
ma). The phylogenetic relationships of 
the three gene arrangements in the A- 
chromosome may be represented thus: 


Beta<— Alpha<— Gamma 
In a hybrid between the standard and 


“DSTA: D...... 43, 44, 45p, 53p, 52, 51, 50, 49, 48, 47, 46, 45d, 53d, 54, 55, 56, 57, 58, 


59, 60 


: tGamMA: 39...... 43, 44, 45, 46, 57, 56, 55, 54, 53, 52, 51, 50, 49, 48, 47, 58, 59, 60 


59 57 
53 | 82 52 
54 
ALPHA 
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INVERSIONS IN THE B'-CHROMOSOME 
Figure 6 
The Beta and Gamma arrangement differ by an inversion between 72 and 77-78. 
Alpha and Gamma differ by overlapping inversions. 


another Durango strain a configuration 
shown in Figure 4 as Alpha/Delta was 
observed in the A-chromosome. This 
configuration resembles that formed in 
Alpha/Gamma heterozygotes to the ex- 
tent that in both cases one of the inver- 
sion loops contains sections from 47 to 
57 (cf. Figure 4). The Delta arrange- 
ment is, however, more extensively dif- 
ferent from Alpha than from Gamma. 
The chromosome parts in a Delta chro- 
mosome are arranged as follows :* 
Gamma and Delta chromosomes are, 
evidently, different due to an inversion 
of sections 45 and 46. Two inversions 
must be assumed to derive Delta from 
Alpha, and three to derive Delta from 
Beta, or vice versa. The two inversions 
distinguishing Delta from Alpha seem 
to be in tandem, although they may 
prove to be slightly overlapping or in- 
dependent if a more careful study is 
made. Under these conditions the phy- 


logenetic relationships are, _ strictly 
speaking, indefinite. Since, however, 
the Gamma arrangement actually exists 
in nature, and since Delta can be de- 
rived from the former by a single in- 
version, by far the most probable hypo- 
thesis is that Delta and Gamma are di- 
rectly related. It follows, that the most 
likely interpretation of the phylogenetic 
relationships of the arrangements thus 
far studied is as follows: 
Beta<— Gamma<— Delta 

Very complicated pairing configura- 
tions appear in the A-chromosome in 
hybrids between the standard strain 
and strains coming from California. 
The least complex one among them is 
depicted in Figure 5, labeled “Alpha/ 
Epsilon.” An analysis of this configura- 
tion shows that the two chromosomes 
here involved differ from each other in 
a double inversion. The inverted part 
extends from section 47 to section 57 


Darza: D.....: 43, 44, 46, 45, 57, 56, 55,54, 53, 52, 51, 50, 49, 48, 47, 58, 59, 60 
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COMPLEX INVERSIONS IN THE B!-CHROMOSOME 
Figure 7 
The two single loops in the Beta-Delta material, and the more complex patterns 
observed in Alpha-Delta and Gamma-Delta furnish clues to the phylogenetic relations of these 


chromosome types. 


inclusive, thus showing a similarity to 
the Alpha/Gamma configuration (com- 
pare Figures 4 and 6). The new ar- 
rangement, designated Epsilon, is built 
as follows :* 

The Epsilon arrangement is indeed 
similar to Gamma (see above), differing 
from the latter only in an inversion of 
sections 56d, 57, and possibly a small 
part of 46. <A hybrid carrying one 
Gamma and one Epsilon chromosome 
has, as expected, only a short inversion 
in the middle portion of its A-chromo- 
some. The phvlogenetic affinites of the 
Epsilon arrangement are most probably 
as shown in the following scheme: 

7 Epsilon 


Delta 


The configuration more commonly 
observed in hybrids between the Cali- 
fornia and the standard strains is that 
represented in the right part of Figure 
5 (Alpha-Eta). Notwithstanding the 
complexity of this configuration, one 
may notice at a glance that the inver- 


Alphas— Gamma 


sions involve sections from 47 to 57, 
which is the same segment of the chro- 
mosome which is modified in Gamma 
and Epsilon arrangements. This fact 
raises a strong presumption that the 
new arrangement, designated Eta, is 
somehow related to Gamma and Ep- 
silon, with which we are already fam- 
iliar. To test the validity of this pre- 
sumption, one must analyze the make- 
up of Eta arrangement in more detail. 
An Eta chromosome is built approxi- 
mately as follows :7 

Eta arrangement shows the greatest 
similarity to Epsilon, and yet they can 
not be derived from each other by a 
single inversion. Two inversions must 
be assumed to accomplish this transi- 
tion. Suppose that an Eta chromosome 
is broken between sections 51 and 56d, 
and between 52 and 47, and that the 
segment containing sections 56d, 57, 
56p, 55, 54, 53, and 52 is inverted. 
This gives rise to an hypothetical ar- 
rangement in the 4-chromosome, which 
may be designated Zeta :t 


*Epsiton: 39_ 43, 44, 45, 46, 56d, 57, 56p, 55, 54, 53, 52, 51, 50, 49, 48, 47, 58, 59, 60 
ee — 43, 44, 45, 46, 48, 49, 50, 51, 56d, 57, 56p, 55, 54, 53, 52, 47, 58, 59, 60 
S2nrTa: D____ 43, 44, 45, 46, 48, 49, 50, 51, 52, 5%, 54, 55, 56p, 57, 56d, 47, 58, 59, 60 
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Now let a Zeta chromosome be bro- 
ken between sections 46 and 48 and 
between 56d and 47, and the segment 
lying between these points undergo an 
inversion. The arrangement so arrived 
at is evidently identical with Epsilon 
(see above). The phylogenetic relation- 
ships are, consequently, thus :* 

The phylogeny here deduced is less 
satisfactory than other similar deduc- 
tions reported above for two reasons. 
First, an hypothetical gene arrangement 
is here assumed. This is not as serious 
a drawback as may appear, for, as al- 
ready pointed out, at least one hypothe- 
tical arrangement similarly predicted in 
D. pseudoobscura has been subsequently 
found to exist in nature (Dobzhansky 
and Sturtevant*). The number of strains 
of D. azteca from California now at our 
disposal is very small (only four), 
hence further collecting may easily re- 
sult in finding the hypothetical arrange- 
ment here postulated. The second, and 
more awkward, difficulty is that in de- 
riving Eta arrangement from Gamma 
it is assumed that the chromosome has 
been broken more than once at the same 
locus (between 56d and 46, and 56d 
and 47). That is to say, the inversions 
here involved do not really bélong to 
the class of overlapping inversions. We 
have however not studied the Epsilon 
and Eta arrangements in enough detail 
to make it certain that repeated break- 
ages did take place at exactly the same 
point. 


Gene Arrangements in the 
B'-chromosome 


Chromosome B! of D. asteca is re- 
markably variable in its structure, and 
yet the relationships between the gene 
arrangements encountered in this chro- 
mosome can be more easily worked out 
than those in Chromosome A. We have 
succeeded in identifying a family of four 
inversions involving segments in the 
middle and distal parts of B! chromo- 
some, and of two gene arrangements in 
the proximal (basal) part of the same 
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ALPHA ALPHA 


BETA 


A CHROMOSOMAL FAMILY TREE 
Figure 8 


“Phylogeny” of gene arrangements detected 
in the A-chromosome (right) and in the B’- 
chromosome (left) of Drosophila azteca. 
Each gene arrangement is designated by a 
Greek letter; any two gene arrangements 
whose names are connected by a single ar- 
row differ in a single inversion. The “Zeta” 
arrangement in the A-chromosome has not 
actually been found, but is predicted on the 
basis of theoretical considerations (see text). 
The arrows showing the relationships are 
all double-headed, since the method used for 
the construction of these “phylogenies” does 
not give evidence as to which of the types 
are ancestral and which are derivative. 


chromosome. The two families of ar- 
rangements are independent, so that 
either structure of the basal region may 
occur with almost any structural type 
of the middle and distal portions. In 
view of this fact, the description of 
the variations of the proximal and the 
distal parts of B' chromosome must be 
made separately. 

The standard, or Alpha, type of B? 
chromosome contains sections from 61 
to 78 inclusive, arranged in the natural 
order (Figure 1). In many hybrids the 
proximal part of the chromosomes 
shows a short inversion, depicted in 
the middle drawing in Figure 6, and 
also outlined in the rightmost drawing 
in Figure 6 and in two of the three 
drawings in Figure 7. The inverted 
segment contains sections from the dis- 
tal part of 61 to the proximal one of 


*Gamma<— Epsilon<— Zeta (Hypothetical) —>Eta 
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64, so that the two gene arrangements 
may be represented as follows :* 

In hybrids between the standard and 
certain Mexican and Guatemalan strains 
a middle-sized inversion is encountered 
in the chromosome B! (Figure 6, Al- 
pha/Beta). The non-standard structural 
type, called Beta arrangement, has the 
section sequence indicated below :7 

To avoid confusion, one may empha- 
size that this Beta arrangement in the 
distal portion of the B‘ chromosome is 
not correlated with the similarly named 
arrangements in the proximal portion 
of B or in the A-chromosomes. In the 
hybrids between the standard and cer- 
tain other Mexican or Guatemalan 
strains, chromosome B? has in its mid- 
dle and distal parts a pairing configura- 
tion shown in Figure 6 (Alpha/Gam- 
ma). The non-standard chromosome 
has the following arrangement :t 

This arrangement, Gamma, is ob- 
viously more closely related to Beta 
than it is to Alpha. Indeed, to derive 
Gamma from Beta, it is sufficient to 
assume that a Beta chromosome is bro- 
ken between sections 77 and 78 and in 
section 72, and that the segment be- 
tween the two breakage points is in- 
verted. Two overlapping inversions 
need to be assumed to derive Gamma 
from Alpha, one of them transforming 
these arrangements into Beta, which is, 
hence, the necessary intermediate step. 
The Alpha/Gamma configuration re- 
sembles the scheme shown in Figure 2 
(4). One may predict that a fly having 
one Beta and one Gamma chromosome 
will have a rather long inversion in the 
distal part of chromosome 8’ in its 
salivary gland cells. This prediction is 
borne out (Figure 6, Beta/Gamma). 
The phylogenetic relations between the 
arrangements thus far described in B! 
chromosome are: 

Alpha<— Betas— Gamma 


The hybrids between the standard 


and every California strain of D azteca 
thus far tested have in their B’ chromo- 
somes the configuration depicted in Fig- 
ure 7, Alpha/Delta. This configuration 
resembles the scheme for included in- 
versions shown in Figure 2 (3). The 
California race of D. azteca has a gene 
arrangement in the B* chromosome 
which is designated as Delta, and which 
has the following order of sections :§ 

Delta can be derived from Beta by 
an inversion of the segment from 72p 
te 69d, while it takes two inversions to 
derive Delta from either Alpha or from 
Gamma. Therefore, one may predict 
that a hybrid Beta/Delta must have a 
single inversion, and that the hybrid 
Gamma/Delta must have a_ dauble 
inversion in the B’ chromosome. The 
predictions are confirmed by actual ob- 
servations (Figure 7). Since the inver- 
sion distinguishing Beta from Delta is 
included in that differentiating Alpha 
from Beta, the phylogeny is not abso- 
lutely certain, but is probably as fol- 
lows : 


Alpha <> Beta Delta 


All the phylogenetic conclusions ar- 
rived at above for gene arrangements 
in the A- and B-chromosomes are sum- 
marized in a diagram, Figure 8. One 
must not forget that some of the gene 
arrangements included in this diagram 
are not related as overlapping inver- 
sions, and hence their positions are less 
securely established than those of other 
arrangements. 


Geographical Distribution of Gene 
Arrangements 


Strains derived from flies collected in 
the same locality frequently differ from 
each other in the gene arrangement in 
one or in several chromosomes. Differ- 
ences in the gene arrangement occur 
even between individuals in the off- 
spring of a single female collected out- 
doors. Of course, this does not mean 


*Alpha or standard:6lp, 61d, 62, 63, 64p, 64d, 65...... 


Beta: 6lp, 64p, 63, 62, 61d, 64d, 65...... 
+BeErTA :______ 65, 66p, 73, 72, 71, 70, 69, 68, 67, 66d, 74, 75, 76, 77, 78 
TGaAMMA:______. 65, 66p, 73, 72d, 77, 76, 75, 74, 66d, 67, 68, 69, 70, 71, 72p, 78 
§DeELTA: 65, 66p, 73, 72d, 69d, 70, 71, 72p, 69p, 68, 67, 66d, 74, 75, 76, 77, 78 
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DISTRIBUTION OF CHROMOSOMAL RACES 
igure 9 

Maps showing the geographical distribution of the chromosomal structural types 
detected in Drosophila asteca. Each of the four main maps represents Mexico and Guatemala; 
the insert maps show a part of California adjacent to the San Francisco Bay. 


that inversions are constantly arising 
de novo. Since a female has two chro- 
mosomes of each kind, and each of the 
males with which she may have mated 
in nature has also two chromosomes, at 
least four structural types are poten- 
tially possible in the offspring. It is 
not difficult to prove that a de novo 
origin of chromosomal variations is a 
relatively rare event: repeated inves- 
tigations of the same strain show al- 
ways the same chromosome structure, 
or group of structures. 

Occurrence of chromosome variations 
in a population inhabiting a given lo- 
cality does not enable one to find the 
entire variety of chromosome structures 
in any given geographical region. On 
the contrary, strains coming from re- 
mote localities more frequently prove to 
be distinct than do strains from the 


same locality. All the available evi- 
dence indicates that the species D. 
azteca is differentiated into geograph- 
ically isolated populations which may 
be either qualitatively or quantitatively 
different in chromosome _ structure: 
some populations may have gene ar- 
rangements not encountered elsewhere, 
or may show different frequencies of 
the same set of arrangements. A syn- 
opsis of strains in which a given gene 
arrangement was found is given below. 


Long Limb of X-chromosome 


Alpha arrangement. All the strains 


studied, except those listed under Beta 
and Gamma arrangements. 

Beta arrangement. California: Sebas- 
topol, Geurneville, Hopland-1, 2. Du- 
rango: Otinapa-5, El Salto-5. 
arrangement. 


Gamma Guatemala: 
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Sacapulas-3 (associated with the sex- 
ratio factor). 


A-chromosome 


Alpha arrangement. Durango: El 
Salto-4, 5; Morelos: Cuernavaca-1, 2, 
3, 4, 5, 6, 8 9, 10, 11, 12; Puebla: 
Puebla-1; Oaxaca: Cerro San Jose -2; 
Guatemala: Huehuetenango-1, Sacapu- 
las-2, Chichicastenango-1, 2, 3, 4, 5, 6, 
7, 8, 9, 10, 11, 13, 14, 15; Guatemala-1 ; 
Atitlan-1; Antigua-2. 

Beta arrangement. Morelos: Cuer- 
navaca-5, 7, 8, 11, 12, 13; Mexico: 
Amecameca-1; Vera Cruz: Orizaba-1; 
Oaxaca: Cerro San Jose-2; Guatemala : 
Huehuetenango-2, Sacapulas-2, Guate- 
mala-2. 

Gamma arrangement. Durango: Oti- 
napa-5, El Salto-5. 

Delta arrangement. 
napa-5, El Salto-4. 

Epsilon arrangement. California: Se- 
bastapol. 

Eta arrangement. California: Sebas- 
topol, Guerneville, Hopland-1, 2. 


Durango: Oti- 


Proximal Part of B'-chromosome 


Alpha arrangement. Durango: Oti- 
napa-5, El Salto-3; Morelos: Cuerna- 
vaca-1, 4, 6, 7, 8, 9, 10, 11, 12, 13; 
Puebla: Puebla-1 ; Mexico: Amecameca- 
1; Vera Cruz: Orizaba-1; Guatemala: 
Huehuetenango-1, Chichicastenango-3, 
4, 5, 6, 8, 9, 11, 14. 

Beta arrangement. California: Sebas- 
topol, Guerneville, Hopland-1, 2; Du- 
rango: Otinapa-5, El Salto-4, 5; More- 
los: Cuernavaca-2, 3, 4, 5, 8, 11, 12; 
Mexico: Amecameca-1 ; Oaxaca: Cerro 
San Jose-2; Guatemala, Huehuetenango- 
1, 2; Sacapulas-2; Chichicastenango-1, 
2, 3, 4, 7, 9, 10, 11, 13, 14, 15; Guate- 
mala-1, 2; Atitlan-1; Antigua-1, 2. 


Distal Part of B'-chromosome 


Alpha arrangement. Durango: Oti- 
napa-5, El Salto-3; Morelos: Cuerna- 
vaca 1, 2, 6, 7, 8, 9, 10, 11, 13; Mexico: 
Amecameca-1 ; Puebla: Puebla-1; Gua- 
temala: Chichicastenango-5, 10, 11. 

Beta arrangement. Durango: Oti- 


napa-5; El Salto-5; Morelos: Cuerna- 
12; Mexico: 


vaca-7, Amecameca-1 ; 
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Puebla: Puebla-1 ; Guatemala: Huehue- 
tenango-1; Chichicastenango-2, 7. 

Gamma arrangement. Morelos: Cuer- 
navaca-1, 3, 4, 5, 11, 12; Vera Cruz: 
Orizaba-1 ; Oaxaca: Cerro San Jose-5; 
Guatemala: Huehuetenango-1, 2; Saca- 
pulas-2; Chichicastenango-1, 2, 3, 4, 6, 
8, 9, 10, 11, 13, 14, 15; Guatemala-1, 
2; Atitlan-1 ; Antigua-1, 2. 

Delta arrangement. California: Sebas- 
topol, Guerneville, Hopland-1, 2; Du- 
rango: El Salto-4. 

A general summary of the informa- 
tion bearing on the geographical dis- 
tribution of the gene arrangements is 
presented in the form of maps in Fig- 
ure 9. In the long limb of the X-chro- 
mosome, the Alpha arrangement is 
found only in central and southern 
Mexico and Guatemala; the California 
population has only the Beta arrange- 
ment, while in north-central Mexico 
(the state of Durango) both Alpha and 
Beta occur. In discussing the geog- 
raphical distribution of the gene ar- 
rangements in the A- and B!-chromo- 
somes the phylogenetic scheme shown 
in Figure 7 should be kept in mind. 
The Gamma and Delta arrangements 
in the A-chromosome, which occupy a 
central position in the phylogenetic 
chain, occur only in north-central Mex- 
ico; the Alpha arrangement is recorded 
from nearly every locality where the 
species has been collected in Mexico 
and Guatemala; Beta is similar to Al- 
pha in distribution, although it seems 
to be less frequent than the latter in 
Guatemala, and has not been encoun- 
tered in Durango. The Epsilon and 
Eta arrangements, which are furthest 
removed phylogenetically from Beta and 
Alpha, are also furthest removed from 
them geographically: they are recorded 
only from California. 

Among the gene arrangements known 
in the distal part of the B’chromosome, 
Beta occupies phylogenetically a central 
position. Geographically, it is also 
central, since it occurs chiefly in Mexico 
(including Durango), and seems to be 
relatively rare in Guatemala. Alpha 
is found together with Beta. Gamma 
is definitely a southern form: it has not 
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been detected in Durango, but it is 
common in central Mexico, and is the 
commonest arrangement in Guatemala. 
Delta is equally clearly a northern form, 
since it is the only arrangement re- 
corded from California, and it has been 
found in a single chromosome in Du- 
rango. The two arrangements recorded 
in the proximal part of the B’-chromo- 
some are not specific for any region ex- 
cept California, where only Beta is re- 
corded, 

The California colony of D. asteca 
seems to be cut off from the main dis- 
tribution area of this species by a great 
expanse of territory where it does not 
occur. The exact extent of the un- 
inhabited zone is not known, since no 
collecting has been done in the northern 
and north-western parts of Mexico, and 
perhaps not enough collecting in Ari- 
zona and New Mexico. The species 
is very common in mountains of the 
state of Durango, Mexico, but appar- 
ently is absent in southern California. 
At any rate, we feel certain that the 
colony living north of the San Fran- 
cisco: Bay in California has been segre- 
gated for countless generations from the 
Mexican and Guatemalan colonies; the 
California colony is to be regarded as a 
relic of the past distribution. Under 
these conditions a comparison of the 
gene arrangements found in California 
with those found elsewhere may lead 
to interesting conclusions. 

In the light of the above considera- 
tions, the close relationships found be- 
tween the gene arrangements in the 
California and the Durango populations 
are significant. The Gamma arrange- 
ment in the A-chromosome, found in 
Durango, constitutes a bridge between 
the arrangements characteristic for Cali- 
fornia and those for Mexico and Guate- 
mala. The Beta arrangement in the 
X-chromosome and Delta arrangement 
in the B‘-chromosome are actually en- 
countered in California as well as in 
Durango—that is, on either side of the 
uninhabited zone, and not in the rest of 
Mexico or Guatemala. 

We regard as improbable the sup- 
position that the same gene arrange- 


ment may arise independently in differ- 
ent parts of the specific area and at 
different times (for arguments leading 
to the denial of this supposition see 
Dobzhansky and Sturtevant*). Since a 
direct migration of flies in recent times 
from California to Durango, or vice 
versa, is likewise improbable, the above 
facts are amenable only to the follow- 
ing two interpretations, which are not 
mutually exclusive. First, the gene 
arrangements that occur in both Cali- 
fornia and Durango may be the original 
or ancestral ones, from which the en- 
tire variety of the chromosome struc- 
tures now detectable in the species has 
arisen. The phylogenetically primitive 
forms are preserved in California, while 
Mexico and Guatemala are occupied 
bv more advanced ones. Second, most 
of the diversity of the gene arrange- 
ments now observable has been present 
in the species before the separation of 
the California colony from the main 
body of the species took place; some of 
the gene arrangements have been lost, 
or have become rare, in California, 
while others have reached high frequen- 
cies in Mexico. Whichever of these 
interpretations may be the correct one, 
the facts at hand indicate a considerable 
stability of the chromosome structures 
not only in terms of laboratory experi- 
ence but also in terms of quasi-geol- 
ogical time intervals. 


Conclusions 


Variability of the chromosome struc- 
ture observed in Drosophila azteca is in 
many ways similar to that recently de- 
scribed for D. pseudoobscura (Dob- 
zhansky and Sturtevant*). Both species 
are geographically differentiated into 
subgroups, which one may perhaps call 
chromosomal races, that differ from 
each other in the gene arrangement in 
one or more chromosomes. The differ- 
ences are by no means always qualita- 
tive, and are limited mostly to quantita- 
tive variations in the proportions of the 
types composing a population. Such 
quantitative differences may, of course, 
reach the status of absolute racial dif- 
ferentials, due to the disappearance of 
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some types in certain populations. All 
the variations in the gene arrangement 
are attributable to the occurrence of in- 
versions of blocks of genes. Repeated 
inversions in the same chromosome may 
lead to a gradual divergence of the 
chromosome structures. Nevertheless, 
even the furthest removed types, such 
as the California and the Guatemalan 
races, remain fully interfertile. 

Certain relatively minor characteris- 
tics of the chromosomal variability in 
D. azteca and D. pseudoobscura are 
unlike. Thus, in the latter species only 
one of the chromosomes, the third, is 
extremely variable, while the rest are 
much more nearly constant. In D. 
azteca the gene arrangement is variable 
in all long chromosomes, including the 
X,and the material studied is so limited 
that further variations very probably 
exist. 

The intraspecific variations are, as ex- 
pected, much less extensive than the 
chromosomal differences between species 
belonging to the same section of the 
genus. It seems likely that interracial 
and interspecific differences are of the 
same nature, and are only degrees of the 
same process of phylogenetic divergence. 
Yet, a certain caution in adopting this 
conclusion remains necessary, especially 
since exchanges of blocks of genes be- 
tween chromosomes: (translocations ) 
have not been encountered in wild 
populations of Drosophila, although 
translocations have taken place in the 
of this genus. In Drosc- 
phila, heterozygosis for translocations 
is likely to be deleterious for a popula- 
tion, on account of the production of 
unviable chromosome combinations in 
the offspring of heterozygotes. Selec- 
tion pressure on subgroups differing in 
a translocation is, therefore, likely to 
result in the development of isolating 
mechanisms between the subgroups, 
and hence in specific differentiation. 


Summary 


1. Drosophila azteca has five chro- 
mosome pairs, including a V-shaped 
X-chromosome, three pairs of auto- 
somes with submedian to subterminal 


spindle attachments, and a pair of 
microchromosomes. In the salivary 
gland nuclei six long and one very 
short chromosome strands are present 
(Figure 1). 

2. Comparison of the salivary gland 
chromosomes of D. azteca with those 
of other species of Drosophila shows 
that, aside from inversions, some trans- 
location have taken place in phylogeny. 

3. The gene arrangement in the 
three longest chromosomes of D. azteca 
is variable. Variations occur within a 
single population inhabiting a limited 
area, but they are both more common 
and more extensive if strains from 
geographically remote regions are com- 
pared. The species D. azteca may be 
said to be differentiated in chromosomal 
races. 

4. Frequently more than a single 
inversion in the same chromosome must 
be assumed to account for the differ- 
ences between strains of D. azteca. 
Multiple inversions may be independ- 
ent, included, or overlapping (Figure 
2). All these types of multiple inver- 
sions are encountered in our material. 

5. Occurence of overlapping inver- 
sions permits the construction of phylo- 
genetic schemes for the A- and B?- 
chromosomes (Fig. 8). 

6. The geographical distribution of 
the chromosomal types (Figure 9) 
shows a similarity between the popula- 
tions inhabiting west-central California 
and the state of Durango (Mexico). 
These regions are separated by a wide 
territory where the species does not 
occur at all, herice the presence of iden- 
tical chromosomal types on either side 
of the barrier indicates that these types 
are phylogenetically primitive, or that 
a considerable part of the chromosomal 
variability now detectable in the species 
has arisen in the remote past and has 
been retained ever since. 
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Obscurity on Evolution in a New Biology Textbook 


To THE EprtTor: 


RGANIC evolution we can expect will al- 

ways be misrepresented by anti-evolution- 
ists, but we do not expect in a college text 
written by a biologist, anything but clear-cut, 
fair handling of the subject. It appears there- 
fore important to expose the method in which 
evolution is treated in A Textbook of General 
Biology,” by Dr. E. Grace White, published 
by the Mosby Co., which has in recent adver- 
tisements lauded the book considerably. 

I am not reviewing or reporting on the 
merits of the book. I am criticizing the au- 
thor’s substitution of the word “development” 
for “evolution,” which she nearly succeeded in 
omitting from the text, and the splitting of the 
inadequate treatment of evolution into parts 
that are deftly subordinated to positions of 
inconspicuousness. 

This does not imply neglect of the under- 
lying subject matter. Throughout, in dealing 
with morphology of organisms, higher groups 
are described in terms of advance of structures 
over preceding groups; i.e., groups lower in 
the classification. Probably the author would 
defend against criticism by citing this treat- 
ment, but zoology teachers know that while 
they see evolution in the structural “advances,” 
the beginning student does not (—unless very 
specific reference is made to evidences of evo- 
lution at every opportunity). We who follow 
the usual procedure, teach morphology of the 
animal groups as such, and know that an ex- 
tra presentation of evidences for evolution, 
preferably at the end, is necessary. 

The first edition preface acknowledges 
“helpful suggestions” of Dr. W. K. Gregory, 
Dr. G. N. Calkins, Dr. E. G. Conklin, and 
others. The second edition preface does not 
add to this, though referring to additional 
help of others. But the publisher states on his 
paper cover blurb on the new edition: “This 
edition still contains much of the influence of 
Dr. William K. Gregory, Dr. Gary N. Cal- 
kins, Dr. Edwin G. Conklin, and Professor 


Ulric Dalgren, who either reviewed the manu- 
script or made many suggestions in the first 
Many others, under the author’s edi- 


edition. 


torship, in the field of Biology have also con- 
tributed to the perfection of this book on gen- 
eral biology.” 

I wrote to Dr. Conklin and to Dr. Gregory, 
soliciting their opinions of the book or the 
degree to which they felt they aided or had 
some part in it. Their replies were brief, and 
neither really gave an opinion for the simple 
reason that neither had read the book, or at 
least had not learned of or seen the second 
edition! Certainly neither is responsible for 
any expressions in the book, and we positive- 
ly know that the well known views on evolu- 
tion of these authors are not represented in 
the book. Dr. Conklin informed me that the 
author was once a student of Professor Dal- 
gren at Princeton, and Dr. Gregory, that the 
author was an advanced student who worked 
a problem on Elasmobranchs under him. 

In Chapter XV, “Some Problems of the 
Nineteenth Century,” occurs the chief refer- 
ence to evolution and to Darwin. In the thir- 
teen pages, the introduction is slight, the 
Natural Selection theory, with emphasis on 
prodigality, variation, nature’s balance, etc., 
gets most space, followed by a brief reference 
to Lamarckian theory and ending with con- 
tinuity of the germ plasm. This sequence clev- 
erly draws the reader’s attention more and 
more from evolution, which is almost lost 
sight of. Indeed there is no reference to Dar- 
win’s natural selection idea as being an im- 
portant thought in evolution, or that the theory 
intended to show how new species arose. 

That compares with the 22-page chapter 
XIV, “Some Problems of the Past,” which is 
historical, starting with seven pages on ancient 
Greeks and Romans, and presenting a de- 
creasingly adequate survey of some phases 
(not evolution) up to the present. 

Chapter XVI, “Some Problems of the 
Twentieth Century,” seven pages, deals with 
mutations and genes. But heredity is also 
dealt with in another 29-page chapter, cover- 
ing chromosomes, Mendelism and eugenics. 
One can see here no hesitancy to deal at length 
with heredity. That makes the obscurantism 
about evolution all the more conspicuous, and 
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all the more astonishing. To accept heredity 
and to deny evolution is surely to be counted 
the neatest biological trick of the week—or of 
the year, for that matter. 

As for details to prove my contention, the 
author states at the beginning of chapter XV, 
whose shortcomings are cited above, (p. 307) : 
“It must be understood at the outset that be- 
tween the facts of developm nt and the theories 
of evolution there is a great chasm.” Also: 

. it is the interpretation of the facts which 
is subject to change and criticism ...” The 
“great chasm” is for appropriate effect. 

Evidently the innocent student is not to 
have the facts of nature shown as offering a 
demonstration of evolution or as offering any 
evidence for evolution. Since the plural is 
used, “Theories of evolution,” the phrase must 
obviously refer to theories to account for the 
causes of evolution; and a discussion of Dar- 
win’s natural selection theory follows. As 
writers of biology text books ordinarily show, 
the distinction which needs to be made here— 
and clearly made—is between Evolution on 
the one hand, historically known as the Theory 
of Evolution, and on the other hand, the 
Theories of Evolution, meaning the causal 
theories. This is less confusingly referred to 
as the difference between the Principle of 
Evolution (attested to by an imposing array 
of facts) and the Theories of Causes of Evo- 
lution, which admittedly are many and diverse. 
Undoubtedly “the facts of development” can 
be swallowed more easily by the anti-evolu- 
tionists, than if they were called the “facts of 
evolution.” 

Close by, the author states: “But, though 
never explained, the idea of organic evolution 
as a basic principle in the organic world is 
accepted by all representative biologists today 
as a logical working hypothesis .. .” Also: 
“Even so must the idea of evolution as a proc- 
ess be accepted—as a working hypothesis with- 
out which we work in the dark—not as a 
proved theory.” 

The working hypothesis idea is overworked. 
The subject is not a philosophical discussion 
of whether a theory or generalization is 
proved or merely highly probable or what not. 
The discussion here is the status of evolution, 
and especially since no other generalization 
or theory in the book is referred to as being 
not proved—the result, if not the aim, is to 
give solace to and to deserve the support of 
anti-evolutionists. 

By actual count the word evolution occurs 
only three times in this entire explanation 
(and I have quoted all three above)—and no- 
where else in the entire book! There is room 
for seven black-face sub-titles in this short 
chapter XV, but none of these contains the 
word evolution. 

The glossary is copious, pp. 611-643. “Eu- 
genics” and “euthenics” are defined, and be- 
tween the latter and “exarch,” “evolution” 
might occur but does not. 

The 23-page index does not include the 


word “evolution.” However, there is room 
for “eugenics” with five sub-entries. 

“Adaptations in Animals,” a 17-page chap- 
ter, includes a heterogeneous succession of sub- 
heads: Recapitulation, (which does give em- 
bryological evidence for evolution without the 
word evolution), Protective Adaptations, 
Adaptations to Speed, the Geological Time 
Table, and Development of the Horse. The 
last is on evolution of the horse, and the last 
two topics together (6 pages, including two 
plates) comprise the subject of paleontology 
as it is treated in this book. 

Under discussion of “The Geological Time 
Table,” the author writes: “Since many dif- 
ferences of opinion exist as to the actual time 
covered by the geological period, a difference 
of twenty or thirty millions of years in the 
calculations is of small importance in the rela- 
tive results. The concensus of opinion is 
agreed, however, that three millions of years 
accounts for the development of Mammals in 
the Cenozoic ages. Probably a total of sixty 
millions covers the known period.” In dis- 
agreement with this is the statement in the 
introduction on evolution (p. 308) that geo- 
logical time for “increase in complexity of 
organization” is “some thirty millions of 
years.” 

The lack of agreement is a blunder; the 
statement of the irrelevancy of 20 or 30 mil- 
lion years is worse, especially in view of an 
assumption of a total of only 60 million years. 
The figures are long outmoded by the much 
larger ones based on rate of disintegration of 
radio-active rocks. To the latter indeed the 
author pays lip service in just one expression, 
thus: “on the speed of radium emanation.” 
Moreover it is inexcusable to say that the con- 
census of opinion accepts that small estimate. 
The concensus (as represented by no less a 
paleontologist than Dr. Gregory to whom the 
author dedicates her book) states that the 
Cenozoic is nearly twenty times as long as 
she says it is. 

Why should a competent biologist of such 
excellent training as the author had, thus man- 
handle evolution in what is purported to be 
an up-to-date textbook of college biology? 
The cynic could see two reasons why this 
might be done. Should there be an anti- 
evolution bias in the college where Dr. White 
teaches, the queer straddle of featuring heredity 
but soft-pedalling evolution might arouse our 
sympathies much as we might deplore the 
need for such equivocation. To “cash in” on 
such a queer concatenation of biological con- 
cepts by cooperating with a publisher to dis- 
seminate them, alters the situation consider- 
ably. In this latter situation we cannot but 
feel that science, which is nothing but the 
systematic search for truth, seems to have 
been betrayed by one of its votaries. 

Watter C. KRAatz 
Department of Biology 
University of Akron 
Akron, Ohio 
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INHERITANCE OF NEW SEX FORMS 
IN CUCUMIS MELO L. 


CuHartes F. Poote and Paut C. GrRiMBALL 


Division of Fruit and Vegetable Crops and Diseases, 
U. S. Regional Vegetable Breeding Laboratory, Charleston, S. C. 


found among foreign plant introduc- 

tions at this laboratory five acces- 
sions of Cucumis melo from Paotingfu, 
China, that bore a hermaphrodite or per- 
fect flower at each node. The all perfect 
flowering habit is of interest botanically 
because only two of the eight possible 
types of sex expression listed below 
usually occur in cultivated species of the 
Cucurbitaceae, namely, monoecious and 
andromonoecious. Perfect flowering is 
important horticulturally where early 
fruit production is desired, as with early 
cantaloups of the South. 

There are three kinds of functional 
fiowers found in cucurbits, perfect, 
staminate, and pistillate, but since any 
one plant may exhibit various combina- 
tions of these three kinds of flowers, 
the eight types of sex expression shown 
below are possible. Six of these eight 
have appeared in our populations, the 
absent two being androecious and dioe- 
cious. 

Sex type 
Monoecious 


|: the summer of 1937 there were 


Floral Combinations 

Mostly staminate with 
fewer pistillate. 

Mostly staminate with 
fewer perfect. 


Andromonoecious 


In Cucumis melo andromonoecious 
varieties are more frequent than mono- 
ecious varieties, whereas in C. sativus 
the proportions are reversed. These two 
sex habits, together with the new perfect 
flowering type, appeared among our ac- 
cessions of three species of the Cucur- 
bitaceae grown in 1937 as shown in 
Table I. 

In Whitaker’s* survey of sex expres- 
sion in the Cucurbitaceae the regular 
occurrence of exclusively perfect flowers 
is mentioned for only one species of the 
genus Melotheria, and very rare expres- 
sions of it are noted in Cucurbita mos- 
chata and C. pepo. 

The muskmelon varieties raised dur- 
ing the winter in the South, being an- 
dromonoecious, produce from six to 
twelve staminate flowers before the ap- 
pearance of the first perfect flower. On 
the other hand, our inbred lines with 
the hermaphrodite habit begin fruit set- 
ting almost invariably at the first flower 
on the first node of flower-bearing stems. 
In consequence of these different flower- 
ing habits our hermaphrodite lines began 
setting fruit earlier than any andromo- 
noecious variety grown by us. Figure 10 


Gynomonoecious Mostly pistillate with shows a single hill containing two her- 
— maphrodite plants. On each plant the 
ermap! ite ! perfect. 
Trimonoecious Mixture of staminate, 4!" stem was abo ut two inches long 
pistillate, and perfect. before branching into several fruiting 
Gynoecious All pistillate. stems, usually three. In the two plants 
Androecious staminate. pictured each branch stem began setting 
Dioecious qual proportions of tryit at the first node, continued until 
gynoecious and an- 
droecious plants in S¢ven fruits on each plant were formed, 
one population. and then ceased production. 
TABLE I. 
Monoecious Andromonoecious Hermaphrodite Total 
Cucumis melo 48 339 5 392 
Cucumis sativus 270 2 -- 272 
Citrullus vulgaris 
(a) Commercial varieties 111 35 — 146 
(b) P. E, and I. accessions 49 52 — 101 
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The two characteristics of early bear- 
ing and early termination of bearing are 
important to the melon grower of the 
South for two reasons. In the first 
place, he must get his crop to market 
before his more northern competitors. 
Secondly, his crop must mature and be 
shipped before the pickle worm (Diaph- 
ania nitidalis Stoll) ruins the market- 
ability of the fruit. 

The investigations reported in the fol- 
lowing paper were made to learn the 
manner of inheritance of the hermaph- 
rodite character in plants when crossed 
with the forms of sex expression previ- 
ously known. The only genetic study 
previously made on the inheritance of 
sex types in the Cucurbitaceae is that re- 
ported by Rosa? of the relationship be- 
tween monoecious and andromonoecious 
habits. He found that in Cucumis sati- 
vus, C. melo, and Citrullus vulgaris mo- 
noecious is dominant to andromonoeci- 
ous by a single factor difference, giving 
three monoecious to one andromonoeci- 
ous in Fo. 


Genetic Analysis of Crosses 


Upon discovery of the hermaphrodite 
habit, crosses were made between some 
of these plants and monoecious and 
andromonoecious accessions. F, genera- 
tions were grown in the greenhouse dur- 
ing the winter of 1937-1938 and the 
plants were selfed and backcrossed to 
both parents wherever possible. In the 
summer of 1938, F2 and backcross popu- 
lations were grown in the field and classi- 
fied, with the results shown in Table II. 


Monoecious < Hermaphrodite 


The three Fe populations from the 
cross Monoecious xX Hermaphrodite, 
when classified for six phenotypes, all 
gave ratios in close agreement, (Table 
II). At first sight, however, the rela- 
tionships failed to approximate any 
Mendelian ratio, although it soon be- 
came evident that since monoecious, 
andromonoecious and _ hermaphrodite 
were close to 9/16, 3/16, and 1/16 re- 
spectively in proportions, that summa- 
tion of the three remaining classes, gy- 


nomonoecious, gynoecious and trimonoe- 
cious also made about 3/16. Additional 
reasons for combining these three pheno- 
types are discussed later. This arrange- 
ment made an acceptable 9:3:3:1 ratio, 
indicating the unmodified interaction of 
two pairs of factors. The y-square val- 
ue for a test of the goodness of fit of 
the observed and calculated ratios for 
9:3:3:1 was 2.679 with five per cent 
significance at 7.815, indicating an ex- 
cellent fit. The identification of hermaph- 
rodite as the double recessive class 
was a welcome surprise since seven 
backcross populations were present to 
test the validity of the dihybrid hypothe- 
sis. Four backcrosses were to hermaph- 
rodite and three to monoecious. If the 
segregations were controlled by two 
pairs of genes, then the four popula- 
tions backcrossed to hermaphrodite must 
segregate 1:1:1:1. Such was indeed the 
case, for the observed ratio became 90 
monoecious: 90 andromonoecious: 81 
gynomonoecious: 83 hermaphrodite, 
with a y-square value of 0.768 and five 
per cent significance at 7.815. (See 
Table II.) The three backcrosses to 
monoecious totaling 116 plants were en- 
tirely monoecious, as expected. 


Andromonoecious Hermaphrodite 


Further support to the hypothesis of 
two pairs of factors involved in the fore- 
going crosses is given by the F» data of 
andromonoecious X hermaphrodite, 
which segregated into 39 andromonoe- 
cious to 12 hermaphrodite, with only a 
trifling deviation from the calculated 
38.25 to 12.75, based on an expected 3:1 
ratio. 


Symbols 


The gene symbols used in interpreting 
the foregoing series of data are as 
follows: 

A, converts most perfects into pistillates. 

G, converts most perfects into staminates. 

AG, monoecious (mostly staminate, fewer 

pistillate). 

Ag, gynomonoecious (mostly pistillate, few- 

er perfect). 

aG, andromonoecious (mostly staminate, 

fewer perfect). 

ag, hermaphrodite (ali perfect). 
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A PERFECT-FLOWERED MUSKMELON 
Figure 10 


Typical fruit cluster of a hermaphrodite line of Cucumis melo. 
Both plants produced three branches from the main stem at the ground level, and 


are shown. 


on each branch the first fruit set at the first node. 


flowers is a new character in this genus. 


Two plants in one hill 


This prompt setting of fruit by the first 


Discussion 


Correns! assumed that the evolution 
of sex types was from hermaphrodite to 
the intermediate forms andromonoecious, 
trimonoecious, and gynomonoecious, 
thence to the extreme forms androe- 
cious, monoecious, and gynoecious. The 
perfect flower gives rise to pistillate by 
abortion of stamens, and to staminate 
by abortion of pistils. But the abortions 
may be caused by either genetic factors 
or environmental factors, and our in- 
terpretation of the foregoing genetic data 
is that the two phenotypes, trimonoecious 
and gynoecious, as found in our popu- 
lations, are not well fixed Mendelian 
characters but transitory phenotypes 
caused by environmental fluctuations on 
the gynomonoecious genotypes AAgg 
and Aagg. Evidence in support of this 
interpretation will now be discussed. 

As early as 1884 Heyer! found that 


a fluctuating environment tends to alter 
the proportions of the three flower kinds 
on individual plants, and in our material 
it is evident that plant age, as well as 
other environmental factors, have com- 
plicated the classification of some plants 
for sex expression. The sex type ex- 
hibited by a plant in its prime is liable 
to change after a full or partial fruit 
setting, and we observed that the poten- 
tially perfect flowers on a gynomonoe- 
cious or on an hermaphrodite plant are 
the ones most subject to environmental 
influence. The gynomonoecious plant is 
frequently slow to produce perfect flow- 
ers, which probably accounts for the high 
incidence of plants classified in Table 
II as gynoecious. Moreover, most plants 
classified as trimonoecious were past 
their prime, and the few staminate flow- 
ers present gave the appearance of be- 
ing aborted perfects. This was undoubt- 
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edly the case on certain exceptional 
plants which somewhat resembled an- 
dromonoecious, since several staminate 
flowers followed the production of large 
numbers of perfects. The latter were ob- 
viously not true andromonoecious plants 
but hermaphrodites in which, on the last 
flowers formed, the stigmas and ovaries 
were vestigial. 

At any rate, it should be stressed at 
this point that a gynoecious plant (with 
all-pistillate flowers) is incapable of self- 
pollination. The circumstantial evidence 
that gynoecious and trimonoecious plants 
in our populations are probably fluctuat- 
ing phenotypes, plus the fart that when 
they are combined with the gynomonoe- 
cious plants we obtain close approxima- 
tions to the theoretical 9:3:3:1 and 
1:1:1:1 Mendelian ratios, would justify 
use of the gynomonoecious complex as a 
working hypothesis. There may be addi- 
tional genes in operation but the body 
of evidence points to two main pairs of 
genes. 

On the other hand, it is possible that 
a dioecious species of Cucumis will some 
day be found, as in the cucurbitaceous 
species Bryonia dioica. This hypotheti- 
cal sex type will probably comprise ap- 
proximately equal numbers of gynoe- 
cious and androecious plants, segregating 


regularly from a true Mendelian hetero- 
zygous genotype. Consequently, the 
argument against the occurrence of a 
genotype for gynoecious in our study ap- 
plies only to this special case, wherein 
gynomonoecious plants were misclassi- 
fied because of failure to identify perfect 
flowers either already formed or not yet 
formed. The occurrence of gynoecious 
without androecious would seem to be 
additional evidence for considering such 
plants to be misclassified gynomonoe- 
cious. 

It is desirable to carry this material 
to F3, but in view of the large area of 
iand required, some time may elapse be- 
fore this is possible. The foregoing data 
are submitted at this time because it is 
clear that monoecious, andromonoecious, 
and hermaphrodite, at least, are segre- 
gating as if controlled by two pairs of 
factors ; and, furthermore, that there are 
good reasons for adopting the working 
hypothesis that in our populations the 
remaining plants not gynomonoecious 
are fluctuating phenotypes. 

From the taxonomic and morphologi- 
cal viewpoints the double recessive 
phenotype, hermaphrodite, the general 
type, must have been ancestral to the 
three reduced and more specialized 
types, andromonoecious, gynomonoe- 


TABLE II, Mendelian segregations of F, and backcross populations involving sex types in Qucumis melo. 


x 
ation Parentage Monoe- Tomonp- jomonoecious complex Hermaph- Total 
cious ecious Gynomono- Gyno- Trimono- rodite 
ecious ecious ecious 
Fo Cme 8-1 Hermaphrodite x Monoecious 86 34 10 12 é 15 163 
Fo 1 Cac 9-1 ° 65 a 6 7 4 103 
Fo 2 Cme 9-2 « ® ® 86 32 1 2 1 12 1 
OBSERVED TCTALS 237 87 69 n 4au 
EXPECTED ToTats* (9: 3:3°1) 238.5 79.5 79.5 26.5 
Fo Cme 5-1 Andromonoecious x Hermaphrodite ° 39 ° 0 ° 12 
EXPECTED SEGREGATION (3:1) 38.25 12.75 51 
Back la (Hermaphrodite x Moncect ous)xHernaph- 18 26 6 in ° 15 76 
rodite 
Backcross 1b 1 20 6 14 0 17 68 
Backcross 1c 39 33 3 20 3 39 142 
Backcross 4 22 11 2 12 58 
5 
OBSERVED TOTALS 90 90 81 83 gin 
EXPECTED ToTaLs’ (1:1:1:1) 86 86 86 


“Observed chi square value, 2.679 5% significance = 7.215 
tovserved chi square value, 0.768 5% significance = 7.815 


bo 


+ 

| 
- — 
| Cc 
ge 


Poole and Grimball: Sex in Cucurbits 25 


cious, and monoecious, each of which 
presents some degree of organic atrophy. 
Few, if any, botanists would disagree 
with the hypothetical derivation of sex 
types as proposed by Correns and cited 
at the beginning of this section. Never- 
theless, it is difficult to reconcile this 
view with the fact that the vast majority 
of commercial as well as wild and semi- 
wild sorts and species of cucurbits 
should exhibit the sex types monoecious 
and andromonoecious, when the puta- 
tive ancestor, hermaphrodite, would 
seem to be ideal for biological as well 
as commercial selection. 

Moreover, from the genetic viewpoint 
each of these specialized types requires 
the interaction of one or two dominant 
genes not originally present in the homo- 
zygous double recessive genotype of the 
hermaphrodite. If we accept the taxono- 
mists’ criteria for judging primitive and 
advanced forms, then in terms of genetic 
evidence, evolution of sex types has pro- 
ceeded here by two new dominant mu- 
tations A and G, each of which interacts 
differently with the two original reces- 
sives a and g: G with a produces an- 
dromonoecious, A with g produces gy- 
nomonoecious, and A with G produces 
monoecious. Furthermore, dominance in 
each case must have been immediate, so 
that no question exists concerning the 
evolution of dominance through selective 
adaptations of the heterozygote. 

It is not usual for geneticists to find 
advanced biotypes determined by domi- 
nant mutations upon an assumed an- 
cestral genotype. Indeed, recent Rus- 
sian plant explorers? who have sought 
to establish origin centers for cultivated 
plants the world over, base their botani- 
cal-geographic map of the world largely 
on the theory that botanically advanced 
genotypes are those exhibiting fewer 
dominant genes instead of more, as in 


the present series of sexual types. There 
thus appears to be need for further work 
in clearing up the conflicts in viewpoints 
which this series of crosses brings to 
light. 

Summary 

1. A new sex type in Cucumis, her- 
maphrodite, having all perfect flowers, 
and with the valuable characteristics of 
earliness of fruiting and earliness of 
terminating production, appeared among 
plant introductions from China. 

2. Hermaphrodite is genetically 
double recessive to monoecious, and in 
F2 populations from crosses between 
them the following phenotypic ratio is 
obtained, 9 monoecious (AG): 3 an- 
dromonoecious (aG): 3 gynomonoe- 
cious (Ag): 1 hermaphrodite (ag). 

3. Gynomonoecious, the second new 
sex type, with flowers mainly pistillate 
but occasionally perfect, is apparently so 
susceptible to environmental fluctuation 
that many plants of this phenotype are 
regularly classed as gynoecious or tri- 
monoecious; hence in our populations 
the last two phenotypes are considered 
non-hereditary. 

4. Apparent conflicts within and be- 
tween taxonomic and genetic viewpoints 
with regard to criteria for judging 
primitive and advanced characters are 
uncovered by this study. 
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A MELANISTIC SNOWSHOE HARE FROM MAINE 


N March 12, 1938, a black male 
snowshoe hare was killed at Jones- 
boro, Maine, and sent to the Division 
of Wildlife Research at the University 


of Maine, by Chief Warden Lloyd 
Clark, of Milltown. The skull was for- 
warded to the Bureau of Biological 
Survey, at Washington, D. C., where 
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A BLACK SNOWSHOE HARE 
Figure 11 
Melanism rarely occurs in the hare group. 


This appears to represent a homologue ot 
the dominant black of the rabbit. 


it was identified by E. A. Goldman as 
Lepus americanus virginianus. 

The weight and measurements of the 
hare were as follows: 


Weight—1,527 grams (3.3 pounds) 
Total length—465 mm. 

Tail—28 mm. 

Hind foot—138 mm. 

Ear, from notch—77 mm. 


Description of Pelage 


The color of this snowshoe hare is, 
in general, sooty, or dilute black. The 
nose, face, and ears are intensely black. 
The guard hairs are almost uniformly 
black, although interspersed are occa- 
sional white hairs. The underparts are 
nearly as dark as the upper parts. The 
hairs on the soles of the feet are of a 
lighter, or more dilute, color than those 
on the rest of the body. The bluish 
black color of the under fur gives the 
hare a generally dilute black appear- 
ance. The skin at the base of the fur 
is a dark flesh color. 


Range 
Nelson, in the Rabbits of North 
America (North Amer. Fauna No. 29, 
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p. 92), gives the range of Lepus a. vir- 
ginianus in Maine as that part of the 
State west of the Penobscot River and 
Katahdin, but this specimen was taken 
at least 60 miles east of the Penobscot 
River. 

Although melanism rarely occurs in 
the hare group, a few records have 
been noted. C. Hart Merriam, in his 
Mammals of the Adirondacks (pp. 308- 
309), mentions three cases of melanism 
in the snowshoe hare, two in New York 
and one in Ontario. 

Dr. Ernst Schwarz of the National 
Museum, after reviewing the descrip- 
tion of this hare, says: 

From the description given, this hare is 
identical with the mutation steel-grey, or domi- 
nant black, first described and figured in the 
rabbit by Castle (1925). This is a dominant 
mutant of the eumelanine, or extension series 
of allelomorphs, and is designated as E* 
(Castle) or B. (Nachtsheim). 

Of the three “melanistic” specimens 
described by Merriam, the one from 
Ontario appears to represent the same 
mutation as the one here described. 
The two others from New York are 
representative of recessive black, or 
non-agouti (a of Castle, g of Nacht- 
sheim). 

Harold Casey, taxidermist at Old 
Town, who mounted the hare taken at 
Jonesboro, informed the writer that he 
had previously mounted two melanistic 
hares from Maine, but that neither of 
them had been as black as the one re- 
ceived from Warden Clark. In the 
museum at the State House in Augusta 
is a mounted melanistic hare, but there 
is no record showing where or when the 
animal was taken. 

Because of the rare occurrence of 
melanism in snowshoe hares, it would 
be highly desirable if some of these 
could be live-trapped and sent to a 
genetic laboratory for breeding pur- 
poses rather than to be killed for mu- 


seum specimens. 
C. M. ALpous 
U. S. Biological Survey 
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“RUFFLED” COLEUS 


A New Unstable Gene 


THELMA BENNETT Post 


Division of Fruit and Vegetable Crops and Diseases, 
U. S. Department of Agriculture 


plants with ruffled leaves 
that in appearance suggest the 
Savoy varieties of cabbage have 

been under observation at the Arlington 

Experiment Farm, Rosslyn, Va., and at 

the United States Horticultural Station, 

Beltsville, Md., since 1931. 

The original ruffled plant was received 
from a florist who wished to know the 
cause of the abnormal condition. It was 
continued in active growth and the ruf- 
fling persisted both on the parent plant 
and on cuttings that were taken from it. 
When seeds matured on cuttings from 
the original plant they fell to the bench 
and germinated. It was found that some 
of these seedlings were ruffled like the 
parent plant and its cuttings, while 
others had normal foliage (Figure 12). 

The leaves of the plants hereafter 
designated as “ruffled” are thickened and 
savoyed. Their color, as well as that 
of the normal ones, is a reddish-maroon 
and green. The distribution of the color, 
however, differs somewhat in the two 
types. In the normal, the major part of 
the leaf blade is maroon, edged with a 
narrow border of bright green. In the 
ruffled plant the maroon is darker and 
is broken by flecks of dark green, while 
the green edge of the leaf is broader and 
extends from the petiole base well into 
the leaf blade. 

An equal number of seedlings from a 
normal and a ruffled plant were com- 
pared as to height and leaf area. In the 
determination of the leaf area, the two 
leaves just below the terminal leaves 
were used in each case. The seedlings 
were the same age, and the results of 
the measurements are shown in Table I. 

This table indicates a significant dif- 
ference in height, and a difference of 
doubtful significance for leaf area. Con- 
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sideration should be given to the possi- 
bility that the difference in height may 
be due to growth rate, but this is a 
factor that is difficult to determine. 

There appears to be no difference in 
the flowers or the fertility of the two 
types. Apparently as many seeds are set 
on one as on the other. Neither is there 
any noticeable difference in the viability 
of the seeds. 


Virus or Mutilation Not a Factor 


Since the appearance of the ruffled 
plants was suggestive of a virus of the 
leaf curl type, attempts to transmit the 
condition to normal Coleus plants were 
made by rubbing, pricking, and graft- 
ing. All were negative. 

Mendiola® believed that bud sports ap- 
peared as a result of injury, which, while 
it “might not be an initiating factor—is 
surely a releasing factor.” He advocated 
the use of smaller propagating pieces in 
order to inflict the injury which might 
induce variation. We were interested 
in whether ruffled plants could be ob- 
tained by this method. Leaf buds of both 
normal and ruffled Coleus were cut into 
four sections and rooted in sand. The 
cuttings were made in October, 1934, 
and kept until January, 1935. In no 
case was there any change in appearance 
in the bud cutting from that of the parent. 

Stout! states that hybridization and 
intense cultivation are responsible for 
the great diversity in color and leaf form 
of the many Coleus varieties that have 
arisen from few species. Coleus is cus- 
tomarily propagated by cuttings, thus 
requiring continuous mutilations through 
hundreds of generations of plants. Re- 
gardless of the failure to induce variation 
by injury, Mendiola’s theory is of pe- 
culiar interest and significance in con- 
nection with the Coleus problem. 


SEGREGATION FOR “RUFFLING’ 
Figure 12 


Six seedlings from one seli-fertilized ruffled Coleus plant. Three of the seedlings 


are normal: three are ruffled. 


Germinal and Somatic Mutation 


Early in these investigations it was 
believed that the problem might be 
genetic rather than pathologic. In 1936- 
37, 21 normal and 12 ruffled plants were 
isolated. These plants were seedlings 
several generations removed from the 
original chance normal and ruffled seed- 
lings of the first ruffled Coleus plant. 
Two plants were placed in each section 
of several greenhouses on September 5, 
1936. They were not placed under bags 
or cages since previous experience indi- 
cated poor seed setting under such con- 
ditions. They did not start to bloom 
until after cold weather and no insects 
were flying during the flowering period. 


The greenhouse sections were also fumi- 
gated frequently and the paired plants 
in each section were so arranged that the 
results presented later in this paper 
could not have been secured by chance 
crosses between the two. 

Two hundred seeds were gathered 
from each plant and the resulting seed- 
lings were grown in the greenhouse until 
they were of 3-inch pot size when they 
were planted in the field. Counts were 
made in the greenhouse, and after setting 
out at monthly intervals throughout the 
summer. There were no variations in 
the counts, except that one ruffled plant 
produced a normal branch, and one nor- 
mal plant produced a ruffled branch, 
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REVERSION TO NORMAL 
Figure 13 


A somatic mutation of a ruffled plant, the branch on the left being normal. 


Since 


ruffling is dominant, this change might be due to somatic segregation. The reverse change,— 


normal to ruffling,—also has been observed. 


after they were planted out.* (Figure 
13.) In previous years, another ruffled 
plant produced a normal branch, and two 
normal plants each produced a ruffled 
branch. The data are given in Table II. 

In general, there is little difficulty in 
distinguishing between ruffled and nor- 
mal. However, in the total of 3,461 
plants included in Table II, two were 


considered doubtful, one normal, and one 
ruffled. Thirteen of the 21 normal 
plants produced only normal progeny. 
One (No. 14) produced 86 normal and 
49 ruffled. This is a good fit for a 2:1 
ratio, but there is no supporting evidence 
for a lethal gene. The other progenies 
of normal plants which contained ruffled 
plants had very few. 


*Two varieties of Coleus blumei, one known as the “Purple,” which arose from a recom- 
bination in hybrid seed, and the other, the Golden Bedder, a well-known commercial variety, 
have been propagated vegetatively at the Ohio State University for periods of four and ten 
years respectively. 
time.‘ 


In neither case have any somatic mutations been observed during this 
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The progenies from the ruffled par- 
ents also exhibited some unusual charac- 
teristics. At least two and _ possibly 
three plants gave only ruffled seedlings. 
Of the remaining nine, five produced 
seedlings in ratios of 3 ruffled to 1 nor- 
mal, and four, ratios that deviated con- 
siderably from 3:1. 

The data from the first 13 normal 
plants and the first eight ruffled plants 
indicate that ruffling is a simple domi- 
nant to normal. The remaining popu- 
jations, as well as the five somatic muta- 
tions that have been observed, indicate 
that the gene is also very unstable. 

According to Demerec,’ changes in 
unstable genes usually go in one direc- 
tion only, from the recessive to the domi- 
nant allel. If the reverse mutation oc- 
curs at all, its frequency is much lower 
than changes to the dominant allel. He 
considers very few reported cases of re- 
versible genes authentic. Only one is 
named as an example, that given by 
Anderson and Ter Louw? of mosaic 
pericarp of maize. There the pattern 
produced indicates that the changes oc- 
cur in both directions, from white to red 
and from red to white. The situation 
reported in this paper indicates another 
also capable of mutating in both direc- 
tions. 

Demerec’ reported that in Delphinium 
the unstable rose gene reverted to purple 
with constant frequency throughout all 
stages of ontogeny ; the unstable lavender 
gene reverted with high frequency in the 
early embryo and in the late stages of 
flower development, and was either 
constant or reverted with low frequency 
at other stages of ontogeny. Anderson 
and Eyster! found that rate of change in 
variegated pericarp of maize increased 
toward the end of development of seeds. 
In Pharbitis® yellow inconstant —1, 
flecked, and yellow—inconstant—2 dif- 
fer in the rate with which they revert 
at different stages of ontogeny. Age and 
sex affect the reversion in Drosophila. 
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Blakeslee*® reports that the dwarf habit 
of Portulaca is transmitted in inheritance 
as a simple recessive. He found that of 
2,653 offspring obtained all were dwarfs 
with the exception of 14 individuals (0.5 
per cent) which were normals. In an- 
other case there were 23 reversions out 
of 1,301 plants (1.77 per cent). The 
proportion of normal reverters was 
higher in certain pedigrees than in 
others. Dwarf Portulaca plants also give 
rise to normal branches. Imai* states 
that in Pharbitis all mutable genes found 
so far exhibit both seminal and vegeta- 
tive mutations. 

The Coleus reported in this paper be- 
haves somewhat like the Portulaca. Ap- 
parently some Coleus plants are very 
stable, whereas others revert with dif- 
ferent frequencies. If the data for re- 
version frequency are taken only from 
those races which show aberrant ratios. 
it is found that 75 ruffled plants appeared 
in a total of 725 expected normals. In 
the ruffled progenies there occurred an 


TABLE I. Comparative height and leaf area of normal and ruffled Coleus plants. 


Height S.E. 
18.43 + .932 
Ruffled 13.60 .625 


TABLE II. Results of selfing normal and ruffled coleus plants. 
Normal parents Ruffled parents 
Cale. 3:1 
No. Ho. 
1 la ° 1 152 
2 132 ° 2 125 ° 
3 31 0 3 9 1? 
1% no & 108 % us 
5 2% ° 
6 9 5 45 +354 
7 ° 6 ss 88.5 29.5 .987 
8 7 Tr 30 80.25 26.75 
9 128 ° 8 75.75 25.25 .035 
10 223 ° 9 32 hel 
u 161 i} 10 104 57 120.75 40.25 9.22 
R n 28 12.59 
13 % R 6 99.75 33.25 76.6 
@ Minimum probability for significance = 3.%1 
15 17 
Mutations in somatic tissues: 
16 7 
Normal to ruffled 3 
Ruffled to normal 2 
19 1 
20 ig 1 
a 8 1? 
D/S.E. Leaf area oe O/S.E. 
13.74 56.96 + 3.607 3.0 
44.35 + 2.233 
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excess of 67 normal plants over the 
allowable deviation for a monogenic 
segregation. These figures represent a 
mutation rate of 10.34 per cent for the 
recessive to dominant and 12.54 per cent 
for the dominant to recessive. 

It is impossible to classify with cer- 
tainty all these unexpected plants as re- 
sulting from germinal mutation. Since 
somatic mutations have occurred in both 
directions, it is possible that one of this 
type might occasionally occur during the 
ontogeny of a flowering spike, so that 
all subsequent flowers would be affected. 

So far as is known to the writer the 
case of ruffled Coleus is the only one so 
far reported in which, with a simple 
pair of allels, vegetative reversion occurs 
not only from recessive to dominant, 
but from dominant to recessive as well. 
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“DEMONIACAL POSSESSION” UP-TO-DATE 


R. Rosanoff’s Manual of Psychiatry 

now appears in its 7th edition, 
having grown from a _ modest-sized 
volume into a ponderous treatise of 
1091 pages.* For a manual of psychia- 
try the work is more than usually com- 
prehensive in scope. In reading this 
volume one is impressed with the fact 
that in order to understand the multi- 
farious deviations from the normal to 
which our minds are subject one has to 
be acquainted with many fields, such as 
physiology, pathology, bacteriology, 
medicine, psychology, and psychoan- 
alysis. From the time, not so far dis- 
tant, when insanity was explained by 
the delightfully simple and plausible 
doctrine of “‘daemoniacal obsession” and 
treated by the equally simple method 
of exorcism, psychiatry has made re- 
markably rapid progress. For a long 
time it has been a sort of crazy subject, 
and it still is. Progress in really un- 
derstanding the ills of the mind had to 


wait upon advances in other fields. We 
now know that many forms of mental 
alienation are due to endocrine inade- 
quacy or unbalance; others may result 
from lack of the proper vitamins, es- 
pecially B and G; others may be caused 
by parasites; many kinds result from 
specific infections, and several other 
types are produced by alcoholism, lead 
poisoning and addiction to various 
habit-forming drugs. Since the early 
writings of Freud a role of increasing 
importance in causing mental deteriora- 
tion is ascribed to what Rosanoff desig- 
nates as “chaotic sexuality.” Then 
there are many other maladjustments, 
especially in early life, that affect the 
development of personality in ways 
that may result in severe mental de- 
rangement. 

Dr. Rosanoff has given a comprehen- 
sive and up-to-date treatment of these 
and many other aspects of his subject, 
and makes it quite clear that a properly 


*RosanorFr, A. J. Manual of Psychiatry and Mental Hygiene, 7th ed., vii-xviii + 1091 pp. 


$7.50. New York, John Wiley & Sons. 1938 
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equipped psychiatrist must not only 
know the human body and its ills, but 
he must possess a scientific knowledge 
of human nature and of the influences 
that affect the development of the in- 
dividual, not only during childhood 
and adolescence, but even in his pre- 
natal life. The chief outstanding merit 
of Dr. Rosanoff’s book is its breadth 
of view and its revelation of the inti- 
mate relations of psychiatry to other 
disciplines, some of which we are 
prone to think of as having little re- 
lation to this subject. All of which 
goes to show that to be a properly 
qualified psychiatrist one must be a 
very wise man. 

Another merit of Dr. Rosanoff’s 
Manual is that it is one of the very 
few books on psychiatry that give an 
adequate and intelligent discussion of 
the rdle of heredity in the production 
of mental defects and disorders. Most 
of the books on psychiatry make a 
sorry mess of this phase of the subject, 
largely because their authors have not 
acquired the proper conception of the 
principles of modern genetics. In this 
field the author has made valuable con- 
tributions to our knowledge, especially 
through his recent studies of insanity 
and feeble-mindedness in twins, the 
chief results of which ‘are summarized 
in this volume. These studies, like 
others on the same subjects, afford 
striking evidences for the rdle of 
genetic factors in causing the maladies 
referred to. Dr. Rosanoff concludes 
that since mental deficiency and some 
types of insanity are much more com- 
mon in males than in females sex- 
linked factors must be involved in ad- 
dition to factors located in the auto- 
somes. This seems to me not an im- 
probable conclusion, although the pos- 
sibility that the inheritance is to a 
certain extent sex-limited instead of 
sex-linked is not definitely excluded. 
Under the assumption that mental de- 
fect is due to a single pair of recessive 
autosomal genes in cooperation with a 
recessive sex-linked factor, Dr. Rosa- 


of Heredity 


noff distinguishes six types of male 
subjects and nine types of female sub- 
jects, and therefore fifty-four kinds of 
matings, sixteen of which can result 
in feeble-minded offspring. These as- 
sumptions may possibly apply to some 
forms of mental deficiency, but not to 
all. Dr. Rosanoff ignores the genetic 
implications of the graded character of 
mental deficiency and the relations be- 
tween the degree of mental defect in 
parents to the varied degrees of men- 
tal defect in their offspring, and fails 
to mention the significant work of 
Penrose and others in this connection. 
That with the exception of a few clear- 
ly defined low types, mental deficiency 
is due to multiple factor inheritance, 
as many students of the subject are 
now inclined to believe, is a conclusion 
which nowhere receives adequate con- 
sideration. 

As to the puzzling etiology of mon- 
golism, Dr. Rosanoff takes a peculiar 
position. Although pointing out that 
“if one of a pair of monozygotic twins 
presents a case of mongolism the other 
of the pair is invariably similarly af- 
fected, whereas, if one of a pair of 
dizygotic twins is mongoloid the other 
is regularly free from it,” Dr. Rosanoff 
states quite positively that “Heredity 
has nothing to do with it.” It is held 
to be due to “germinal” as contrasted 
with genetic factors, a conclusion, 
which, although expressed also by 
Lenz, most geneticists would, I think, 
regard with extreme skepticism. The 
fact that mongolism tends to appear 
most frequently in later-born members 
of a family might well be due to the 
fact that even when its genetic basis is 
present an unfavorable environmental 
factor is required to bring the charac- 
ter to expression. 

On the whole, Dr. Rosanoff has pro- 
duced a very broadly conceived and 
scholarly work which cannot fail to be 
enlightening even to the professional 


psychiatrist. 
S. J. Hotmes 
University of California 
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Material for Demonstrating | 


Salivary Gland Chromosomes 


Interrelated demonstration material—microscopic slides, chromo- 
some maps, lantern slides and literature—make giant chromosomes avail- 
able for classroom use. 


MICROSCOPIC SLIDES OF SALIVARY GLAND CHROMOSOMES 


Slide of Normal Salivary Chromosomes of D. melanogaster, each _..__-__-_--___. $2.25 
Three Slides 5.00 
Slide with drawing identifying all chromosomes in two figures (Female)... 4.00* 
Slide showing Y-chromosome (Male) 4.00 
Slide showing synapsis of normal and inverted X-chromosome (loop) 
Slide showing figure of an autosomal inversi 4.00* 
Slide showing synapsis of translocated and normal chr 4.00* 
Slide showing a small deficiency (deletion) 4.00* 
Salivary chromosomes of D. yirilis ; 2.25 
Three Slides 5.00 
Normal Somatic (ganglion) chromosomes of D. melanogaster —________ 2.50 
(Magnification of at least 1000 X necessary to view satisfactorily.) 
1 Slide of each of above (9 slides—6 drawings) 25.00 


* Three or more slides, 1 of each kind @ $3.50 each. Three or more of same kind 


@ $3.00 each. 
SALIVARY GLAND CHROMOSOME MAPS 
Painter’s cytogenetic map of the salivary chromosomes, 944 by 18 inches, line-cut 
showing major chromosome details and the genes approximately located to end 
of 1934, mailed unfolded $ 
Bridges’ reference map of the banding of the salivary chromosomes, 914 by 25 inches, 


halftone on heavy coated paper, unfolded 1.00 
Bridges’ Revised Map of the X-Chromosome—9',” x 18”, unfolded. 75 
Folded copies of Bridges’ map, on lighter paper. 35 
Hughes’ map of Salivary Chromosomes of Drosophila Virilis (9% by 18)... .75 
1 copy each of Painter’s, Hughes’, and Bridges’ two maps . 2.50 

LANTERN SLIDES OF SALIVARY CHROMOSOME MATERIAL 
$21-323. Salivary chromosomes in the Nucleus $ .75 
25-464, “Portrait” of a Salivary Gland Chromosome 75 
25-466. Giant Chromosomes Compared with “Normal”, showing relative sizes... .75 
25-469. Synapsis of Normal and Inverted Chromosomes 75 
25-470. Synapsis of Normal and Deleted Chromosomes 75 
25-472. Painter’s Cyto-Genetic Map of Salivary Chromosomes (Insert) _......__ .75 
26-62. Salivary Chromosomes and Gonial Chromosomes Compared...» .75 
26-62. Bridges’ Reference Map of the Salivary Chromosomes of Drosophila... .75 
26-176. Salivary Gland Chromosomes of Sciara Compared with Normal... —S=.75 
26-178. The Entire Salivary Gland Showing Nuclei (Sciara) =>» 75 
26-179. Salivary Gland Chromosomes in the Cell (Sciara) 75 
26-182. Structure of Salivary Gland Chromosomes 75 
27-206. Three Deficiencies of the X-Chromosome 75 
27-305. Map of Salivary Gland Chromosomes of D. Virilis 75 
29-12. Bridges’ Revised Map of the S. G. X-Chromosome 75 
Set of 15 Lantern Slides_..__ 9.50 
Any twelve of above lantern slides = 8.00 


t Volume and page number of illustration in the JouRNAL oF H=REDITY. 


ILLUSTRATED LITERATURE 
“Symposium Reprint” on Salivary Gland Chromosomes, containing articles from the 
Journat or Herepiry, 1934-1938, by Painter, Bridges, Metz, Mackensen and 
Hughes—four Salivary Gland Chromosome maps, 15 illustrations, 54 pages.__. $3.00 


AMERICAN GENETIC ASSOCIATION 
Victor Building Washington, D. C. 
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